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Abstract 
Wireless wearable sensors are collections of 
independent devices with computational, sensing and 
communication capabilities. Research in this area has 
been growing in the past few years given the wide 
range of applications that can benefit from such a 
technology. Wearable technology is ubiquitous to the 
user. Thus, it has the potential to be significantly 
disruptive to the users daily life. Miniaturized and 
flexible wireless sensors are easier to integrate into 
everyday portable personal electronic appliances with 
very high mechanical robustness. Continuous 
miniaturization of electronic components has enabled 
creation of smaller and flexible electrical devices 
which can be worn and carried at will. The extent of 
miniaturization is dependent on the hardware 
technologies utilized. The results are verified by 
prototype implementations. In this paper, the 
development of a flexible wireless platform with 
embedded passive components for wearable sensor is 
described. The focus of this paper is not only 
miniaturization but also a migration toward flexible 
system that enables greater freedom in design and 
application. The system incorporates a main board, 
sensor board, an energy source and extension sensors. 
Concept development, design, and non-electrical 
features are discussed in this paper. 
 
 
1  Introduction 
 
Visions like Pervasive Computing, Wearable 
Devices and Ambient Intelligence expect that, in the 
future, many daily devices will be linked by wireless 
communication. Computers in various forms have 
become common in our life with ubiquitous and 
wearable technology and devices [1] [2]. This will 
enable us to record most activities of our daily life with 
many different kinds of sensors. To extract significant 
events from a persons activities, it is necessary for 
computers to understand his/her contexts or situations 
from his/her body movements and relation to external 
entities such as other persons, artifacts, and any other 
environmental components [3] [4].  
 
Traditional interface modalities that are very 
successful in immobile or mobile computing are often, 
disruptive, unusable or uncomfortable in wearable 
situations [5]. The use of body-mounted sensors to 
facilitate context awareness or movement based 
interfaces must take into account the users physical 
and social comfort, since discomfort constitutes part of 
the cognitive load. This is especially apparent in 
applications that are not crucial in a life-or-death sense. 
 
 The  users motivation to forfeit their personal 
comfort can be seen as relative to the essential 
necessity of the devices function [3]. Since many 
wearable applications offer the user slightly increased 
expediency of device operation (relative to life-saving 
devices), they consequently require the protection of 
the users status both in terms of physical and social 
comfort.  
 
Users tend to be unwilling to wear something that is 
apparently uncomfortable (rigid structure) or 
noticeably unusual (not familiar shapes and/or big size) 
if it does not offer substantial reward for the forfeit. A 
truly wearable interface must maintain the users 
homeostatic comfort: cognitively, physically, and 
socially. More successful interfaces for wearable 
devices can be made using the users physical state, 
social/environmental context, or existing interaction 
patterns to reduce the cognitive load and 
physical/social obtrusiveness of a wearable interface 
[6].  
 
2  Wearable Sensor Systems 
 
Working on/with wireless wearable sensor systems 
have become a necessity for a variety of applications 
over the last decade [7] [8] [9]. Many of these systems 
are similar, sharing portions of their software 
infrastructure and hardware [5] [ 10 ] [ 11 ]. More 
significantly, they share large amounts of low-level 
design, in the form of the sensing, processing, wireless 
transceiving hardware and software written to interface 
with or control their functionality [5]. Nevertheless, 
each system incurs needless effort in design and 
debugging and should be prototyped from scratch, due 
to its exclusive form factor and choice of sensors 
constraints [12].  
 
Wireless sensor systems of several cubic 
centimeters have reached the stage of mass production 
[10] [11] but development of miniaturized and flexible 
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interdependence of design decisions regarding wireless 
communication protocol, embedded hardware design, 
component selection, and integration technology 
choice. Hence, new efficient design methodologies are 
required which extend the design procedures for 
embedded systems with miniaturized and flexible 
architecture. 
 
Thus, we have the assumption that computers will 
be able to support persons according to their contexts 
in a variety of applications by utilizing the interaction 
indices. Moreover, we anticipate cognitive science 
researchers to discover new structures or models of 
human interactions to accelerate the research of 
human-machine interface or context aware computing. 
To realize such a vision, we have prototyped 
ubiquitous/wearable sensor systems that 
collaboratively capture human interactions from 
multiple sensor inputs.  
 
Therefore, this framework enables us to deal with 
human contexts flexibly in real time, building realistic 
applications according to the needs regarding real-time 
performances and concept levels of the human 
contexts, without learning any detailed protocols of 
particular sensors. Application designers have been 
dealing with human context data in an ad hoc fashion 
so far, while building realistic context-aware 
applications. Such a tendency has led to shortage of 
solutions that are widely applicable. Therefore, many 
research projects have attempted to develop a 
conceptual framework that could provide a common 
interface to applications that use context data without 
the need for the designers to learn the detailed 
protocols of particular sensors [13] [14] [15].  
 
These observations motivated us to; 1) identify and 
apply different sensor technologies that appear to be 
especially useful in the wearable computing domain 
because of their obvious application benefits, 2) not 
only miniaturize but also move toward flexible 
hardware architecture which gives more freedom in 
design for wearable concepts. In the ensuing sections 
are  introduced the miniaturized and flexible platform 
which consists of a main board, sensor board,an energy 
source and extension boards. The approach to 
implement flexible and miniaturized technologies is 
described next. Finally, last section concludes our 
work providing perspective on future work. 
 
3  Concept Description 
 
The targeted demonstrator is developed to assist a 
set of specific tasks by collecting data from the users 
activity [16]. The combination of information from 
different sensors allows a system to extract more 
conceptual and thus, higher level context. In this case, 
specific sensor(s) and a recognition algorithm [17] are 
collecting various pieces of information from the user 
who is the key for such combination.  
 
This approach allows the system to apply sensor 
combination techniques for reliable recognition, 
minimize load of data processing and power 
consumption on the overall system, but it requires a 
special device to gather and the means to process the 
data. We have decided to utilize wearable sensor nodes 
as an external data source since such sensors can 
constantly monitor the users activity in an 
inconspicuous manner.  
 
In the future, sensors will be embedded into 
different accessories such as necklaces, wrist watches 
and in clothing. A personal device like PDA or cellular 
phone can be used as the data collection and processing 
node. Coupling of wearable sensors and selected 
personal device allows whole system to extract high 
level context in a natural, implicit, and continuous way 
from a person (Figure1).  
 
Our concept is an experimental device developed as 
a platform for the various researches in the area of 
wearable computing, ubiquitous computing, context-
aware applications, affective computing and health 
applications. The device is about the size of 5 stacked 
quarters (25¢), is driven by a  battery and functions as 
a stand-alone device. Extension sensors could be 
attached to main device for other purposes. 
 
 
Figure 1: Coin size wearable sensor node connectable to 
various devices through Bluetooth connection 
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The device, the coin-sized chassis contains 6 
sensors: 1) 2-axis linear accelerometer, 2) Compass (3-
axis MI sensor), 3) Ambient light sensor, 4) Galvanic 
skin response sensor, 5) Heart rate sensor, and 6) Skin 
temperature sensor. The device is compatible with 
Bluetooth wireless transmission through Bluetooth 
v1.1 Serial Port Profile with any device that has 
Bluetooth capability.  
 
 
Figure 2: Coin size wearable sensor node in relation to a 
mobile device for transferring and usage of data 
 
 
There is no need for additional hardware 
requirements. There is a possibility to connect up to 
seven coin size wearable sensor nodes from one 
Bluetooth master device. In the case of need for 
"wired" connection, UART can be used exclusively. 
An expansion port can be used to add a sensor or use 
various other digital/analog devices (Figure 2). 
4  Device Architecture 
 
The coin size wearable sensor node was developed 
to have flexible configuration of sensor combination 
with wireless interface to gather data. The device is   
24mm x 22mm x 8~10mm in dimensions. It is same 
size as 10 Yen coin or smaller than 2 Euro coin. The 
device consists of three stacked board structure: 1) 
Main board, 2) Sensor board, and 3) Battery. An 
extension board could be connected to the device. The 
battery running life is about an hour (with 2032 size 
battery). Some of the sensors are designed to collect 
biological data from human body (Figure 3). 
 
 
 
Figure 3: The device size is 24mm x 22mm x 8~10mm, 
almost same size as 10 Yen coin or slightly smaller than 2 
Euro coin 
 
 
The device can be programmed with C and 
Assembler. Installing firmware to device can be done 
by using Debug board. The Debug board can also be 
used to charge the device. Simple firmware will be 
installed in advance which only collects data from 
default built-in sensors, and transmit via Bluetooth. 
Each time the extension board is changed, firmware of 
the device has to be changed. Adding a  new sensor to 
extension board needs new firmware (Figure 4).  
 
Figure 4: Programming and charging the device through 
debug board 
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The main board consists of three sensors: 1) 
Compass (3-Axis MI sensor), 2) 2-Axis Linear 
accelerometer, and 3) Ambient light sensor. and a   
C8051F330 processor which has 768 Byte RAM, 8k 
Byte Flash memory and works in Max 25MHz. The 
interfaces of the device are Bluetooth v1.1 Class3 
(range ~10m) and Sensor board connector (Board to 
Board connector).  
 
The sensor board connector has UART (shared 
exclusively with Bluetooth), 9-pin Digital IO or 10bit 
A/D input, DC 2.8V out put, Processor debug port and 
Power supply (Battery Charge). Two sets of batteries 
could be used in the system; 2032 size battery 
(60mAh) and 2048 size battery (120mAh) which 
provides 1hr and 2 hr running time respectively (Figure 
5). 
 
 
 
 
Figure 5: Main board with Bluetooth connectivity connected 
to battery 
 
4.2  Sensor board 
 
The sensor board is connected to the main board 
through a connector. The sensor board has 1) Pulse 
sensor, 2) Skin temperature sensor, and 3) GSR sensor. 
The sensors board interface includes: extension port 
(Board to Wire connector) with 3pin GPIO or A/D 
input and DC 2.8V output. The sensor board pad has 
power supply and also UART (shared exclusively with 
Bluetooth) as shown in Figure 6. 
 
 
 
Figure 6: Sensor board 
 
4.3  Extension boards 
Different extension boards could be connected to 
extension connector of sensor board, such as : 1) 3-
Axis Accelerometer board with 3-Axis Linear 
Accelerometer, 2) Vibration Motor board with 
Vibration motor, 3) Ambient Light Sensor board with 
UV sensor and RGB color sensor and 4) Blank board 
which has only Pad and through hole (Figure 7). 
 
 
 
Figure 7: Extension boards 
 
 
5  Miniaturization Approach 
The sensor node was developed on the rigid PWB, 
however, it will be suitable for wearable purpose by 
making it more flexible, thinner and miniaturized. 
From that perspective, we studied potential flexible 
and miniaturized packaging technologies, especially 
focusing on the multilayer flexible printed circuit 
board (FPC) technologies with embedded passive 
components. To investigate this possibility, all passives 
on the main board and sensor board were analyzed. 
 
There are two approaches proposed for passive 
element embedding method.  One technique is to bury 
passive modules inside substrate. Such technologies 
are already in the pre-commercialized phase and some 
of them have a possibility to realize both passive and 
active chip embedding. This technology is good for 
miniaturization. However it still has limitations on the 
module design and physical flexibility.   
 
Another type is passive element fabrication on FPC 
directly.  In this study, targeting passive elements are 
resistors, capacitors and inductors. Among them, 
resisters having resistance between 100 to 200 kohm 
can be fabricated directly on any layer of the substrate 
using a carbon paste. The biggest challenge for 
resistors is to adjust high tolerance.  
 
For the capacitor, typical embedded capacitor 
element fabrication methods are, 1) sandwiching 
dielectric polymer between cupper electrodes and 2) 
insert patterned sheet of conducting polymer 
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case, capacitance less than 100 pF can be covered and 
the latter case is suitable larger than 1 mF.  Inductor 
can be created by creating coil structure on the 
substrate, but only a few nH values can be realized. 
 
In this study, trial to embed SMD passive 
components into FPC multilayer substrate was 
exercised.  Although the embedding technique is useful 
to miniaturize device drastically, we kept same 
dimension and basically the same electrical design to 
eliminate unknown factors that can affect the results. 
For the first demonstration we selected the sensor 
board as platform for further miniaturization and 
transformation to flexible structure. Design and 
modification of demonstrator started by reviewing the 
rigid design of the board. The design was modified to 
match the FPC technology and also embedded passive 
technologies (Figure 8). 
 
 
Figure 8: Five layers modified and redesigned sensor board 
suitable for FPC and related embedded passive components. 
 
The modification, allowed us to transfer the 
structure from rigid to flexible with embedded passives. 
The fabricated sensor board is flexible and could be 
shaped in to different form factors. Reliability of 
passive components increased with those embedded 
into the FPC. Miniaturization was achieved as the 
thickness of the board was reduced to 0.2 mm from 1.2 
mm (Figure 9).  
 
Figure 9: Transformation of the demo from rigid board (left) 
to flexible board with embedded passive components (right) 
which enabled flexibility and also thickness reduction of 
1mm. 
 
6  Discussions and Future Directions 
 
The notion of the combination of wearable sensors 
and other portable devices can be used for collecting 
information form body to monitor different activities 
for health or other reason and/or identification of 
different artifacts [4]. To minimize the amount of the 
processed data and to be extensible to a wide variety of 
reasons, the node should be carefully and dynamically 
selected. We developed a compact wireless wearable 
sensor platform, which contains a main board, an 
embedded flexible sensor board and energy source. 
These boards encapsulate design knowledge and allow 
for rapid prototyping of applications. A simple 
software framework, running on the main board, 
provides for data collection and transmission. It allows 
for new sensors to be added to the system.  
 
The platform is currently being used to help develop 
new wearable sensor system with the goal of further 
miniaturization and flexibility. Also, a number of 
systems were first prototyped using this platform 
before being implemented in a more compact fashion. 
A number of lessons have been learned in the process 
of designing this system. While the platform is 
completely functional today, it continues to evolve as it 
is used. Our experiences to date suggest some areas for 
future work, but in the end, the greatest improvements 
will likely come as the user base of the platform grows 
and the system is changed and extended to suit their 
widely varied needs. The experiment presented in this 
paper is considered preliminary. However, it suggests 
the feasibility of further development. Our final goal is 
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printed circuit boards to maximize flexibility and 
miniaturization in future wearable sensor based 
systems. We intend to modify the current architecture, 
redesign the circuits and implement the proposed 
system. Such a system should be designed and 
implemented with good reliability to fulfill its purpose. 
Furthermore, we  collect data from different cases and 
test the applicability of such system for data collection, 
context aware, in daily life.  
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